ABSTRACT
INTRODUCTION
There is much current interest in soil denitrification, promoted by the need to utilize nitrogen (N) fertilizer more efficiently, and in soil evolution of nitrous oxide (N 2 O), promoted by the hypothesized role of this gas in the destruction of atmospheric ozone (C.A.S. T,1979; Caskey and Tiedje, 1976; Crutzen and Ehhalt, 1977; Mc Elroy et al., 1977) .This has led to reevaluation of the mechanisms and organisms responsible for the production of gaseous N and the reduction of N oxides. Recent evidence suggests that NH + 4 oxidizing bacteria like Nitrosomonas are important sources of N 2 O (Bremner and Blackmer, 1978; Breitenbeck et al ., 1980) , and that production of this gas is not the exclusive province of denitrifying bacteria as previously believed.The term denitrification has been used to refer to any conversion of NO -3 or NO -2 to N gas. It is now commonly used by microbiologists; however, to describe only the reduction of NO -3 and NO -2 to NO, N 2 O or N 2 in bacterial respiration, and the term will be used in this sense here. Other known mechanism of N 2 O production include a variety of chemical reactions (Nelson and Bremner, 1970) , production by nitrifiers, and by a miscellany of non-denitrifying fungi and bacteria (Yoshida and Alexander, 1970) . The nature and relative significance of these various mechanisms are only vaguely understood at present. reducing bacteria have conventionally been considered to be of two types: (i) respiratory denitrifiers which can reduce NO -3 completely to N gasses, and (ii) NO (Payne, 1973 and EL-Sayed , 2002(a and ). Though it has been known that at least a few of the latter type of organism growing fermentatively can further dissimilate NO -2 to NH + 4 , the significance of this process has been suggested only in publications (Caskey and Tiedje, 1979; Sorenson, 1978 ; EL-Sayed , 2003 a) .These fermentative organisms presumably attain greater ATP yields , by recycling reduced nucleotides via NO -2 reduction to NH + 4 (Cole and Brown, 1980 ; EL-Sayed , 2003 b) , from substrate level phosphorylation. In contrast, respiratory denitrifiers reduce NO -2 to N gases and generate ATP by electron transport phosphorylation. Ammonium is the only product of fermentative, dissimilatory NO -2 reduction which has been considered in the literature.In earlier work, however, it was noted that N 2 O was evolved from NO -3 by a variety of organisms presumed to be nondenitrifying NO -3 reduces (Caskey and Tiedje , 1979 ; EL-Sayed , 2013) . The objectives of this study were to characterize the mechanism of N 2 O production, examine its significance as a source of N 2 O in soil, and determine the end products of NO -3 reduction for a large sample of soil isolates.
MATERIALS AND METHODS
Isolation of soil NO -3 Reducers:-Samples of silt loam soil ( mixed mesic Typic ), pH 7.1, and 1% organic matter) and silty clay loam soil (mixed thermic cumulic of pH 7.1 and 1.3% organic matter) were collected from the surface (0-15cm) of corn fields. These samples were stored at field moisture contents at 2 to 4 o C. In some experiments 20.0 gm, soil samples were pre incubated anaerobically for 78 hours prior to isolation of NO -3 reducers. Twenty grams of soil were blended for 60 seconds in 190 ml 0.85% Nacl solution with 1 drop of Tween 80. A tenfold dilution series was prepared in sterile Nacl solution. Dilutions were spread on plates of either tryptic soy or nutrient agar (Difco) with 5 m M KNO 3 . Results for the two media were pooled since no significant differences were observed among the NO -3 reducing organisms . Plates were incubated 4 days in anaerobic chamber at room temperature. Isolated colonies were picked at random and in some experiments were further purified by streaking on NO -3 nutrient agar and incubating anaerobically. In other experiments, isolated colonies were assayed directly without further purification (ELSayed et al.,2001) .
Characterization of NO -3 Reducing Isolates
Isolates were used to inoculate 5 ml of nutrient broth plus 5 m M KNO 3 , contained in Hungate tubes (Bellco). Oxygen was removed from the tubes by evacuating and flushing with N 2 gas passed through 0.45-u Gelman filters.
To fervent the reduction of N 2 O to N 2 , acetylene (C 2 H 2 ) was injected aseptically to a partial pressure of 8 KPa. In the same experiments , the isolates were also cultured in tubes without C 2 H 2 or with trypic soy broth (with dextrose) in place of nutrient broth. Nitrous oxide was sampled after through mixing by withdrawing 0.5 ml from the headspace with a tuberculin syringe. Following gas analysis, cultures were centrifuged, and the clear supernatants were frozen for later NO -3 and NO -2 determinations (EL-Sayed,2005) .
Pure Culture Studies
Cultures from selected tubes were checked for purity and maintained on NO -3 agar (Difco) for further taxonomic or physiological characterization. Gram stain, sporulation, motility, and standard tests for reaction with sugars, litmus milk, citrate, and indole were observed for these isolates to identify them at the genus level.
All pure cultures were grown at 24 o C with 10 ml of the appropriate media in Hungate tubes. Tubes were inoculated with 0.1 ml of an ( 18 to 24) , hour culture (early stationary phase) grown anaerobically in NO were measured gravimetrically after washing cells in distilled water and drying at 85 o C. Filter-sterilized NO -2 was added to media after autoclaving, but NO -3 was autoclaved with the broth. The effect of pH on N 2 O production was observed by adding HC l or NaoH to nutrient broth before autoclaving. The pH of replicate tubes was measured after autoclaving and was either unchanged or increased by only 0.1 unit. The appropriate quantities of (NH 4 ) 2 SO 4 , KNO 3 , or glucose were added to either tryptic soy broth (without dextrose) or nutrient broth to observe the effects of media composition on N 2 O production. To assay for N 2 production, tubes were initially flushed with helium and incubated under water to minimize atmospheric contamination.
Resting cell suspensions were prepared from early stationary phase cultures harvested by centrifugation and repeated washing in 50 mM pH 7.0 phosphate buffer plus 200 ug. M /L chloramphenicol to inhibit protein synthesis. In separate assays this chloramphenicol concentration was sufficient to totally inhibit growth of the organisms studied. Cell density in the reaction mixture was approximately 2 times the maximum cell density attained in culture. Complete reaction mixtures consisted of 10 ml of 50 m M phosphate buffer (pH 7.0) , 200 ug M/L chloramphenicol ,2.8 m M glucose, 5 mM NaNO 2 , N 2 atmospheres, and cells in Hungate tubes. Resting cell suspensions were continuously shaken during the 2-hour incubation at room temperature. Gas samples were removed periodically by syringe (EL-Soury et al.,2015) .
N 2 O production in Inoculated Axenic Soils
Twenty-gram samples of the soil were autoclaved for 1 hour on 2 consecutive days. Twenty-four hours anaerobic cultures of two NO -2 accumulators and two denitrifiers in nitrate broth were harvested and washed in 10m M CaCl 2 plus 1.7m M KNO 3 . The two denitrifiers had been isolated from soil and characterized in previous studies ( Gamble et al, 1977; and EL-Sayed , 2005 (Lowe and Hamilton, 1967 ; and ELSayed , 2004) .
RERSULTS AND DISCUSSION
Isolation and classification of soil NO -3 reducers:-Soil isolates classified into four distinct categories with regard to the products of NO -3 -reduction (Table  1) .Those for which> 50 %( usually 75 to 100%) of the NO or which grew too slowly to reliably determine the products of NO -3 reduction during a 2-week incubation ( Abdel-Aziz et al , 2003 ; Christopher et al.,2017) . reducers are taxonomically as well as functionally different. Pseudomonas, Flavobacterium, and Alcaligenes were the only denitrifying genera observed genera. This is in accord once with work by Gamble et. al. (1977) and (EL-Sayed , 2013) Khalafalla and Hamed , 2015 ) . Reduction of N 2 O to N 2 is inhibited by C 2 H 2 . It appeared, in fact, that C 2 H 2 slightly inhibited N 2 O production. The effect of C 2 H 2 shown in Table ( 3) was not statistically significant in some cases, but when this experiment was repeated with C48 in NB and in TSB, consistent inhibition, averaging 18%, was observed. The extent of inhibition was not related to C 2 H 2 concentration in the range of 2 to 32 KPa.
The effects of media composition on the products of NO -3 reduction by C48 and B37 are shown in Table ( (Payne, 1973 ; EL-Sayed , 2013) . It is concluded that reduction of NO -2 to NH + 4 and N 2 O by these organisms is dissimilatory (EL-Sayed,2016 ) .
Glucose additions consistently increased the apparent production of NH + 4 Table (4), presumably by permitting more fermentative growth. In NB, NO -2 was the major product; but in TSB, with or without dextrose, NH + 4 was.This is consistent with results presented in Table (1) .Glucose did not affect N 2 O production consistently. Citrobacter C48 in NB produced significantly more N 2 O when glucose was added, but B37 in NB tended to produce slightly but not significantly less. Glucose significantly depressed N 2 O evolution by both organisms in TSB.
Nitrous oxide production and growth of C48 and B37 with various NO -3 concentrations are shown in Table ( Increased N 2 O production with increased NO Table ( 6) illustrates N 2 O production at various pH values. Neither organism grew at pH 4.0, and there was no significant accumulation of N 2 O in these tubes. Both organisms produced N 2 O between pH 5.0 and 8.0, and both accumulated maximum amounts at pH 8.0, the highest value tested.
In an attempt to elucidate the physiological function of N 2 O production, the observation of growth yields with and without added NO Using the data in both Tables (7 and 4) TSB in Table ( 7) is chemically equivalent to TSBND plus 2.5 g. liter -1 glucose in Table( 4); and NB in Table (7) is equivalent to unamended NB in (Table 4) Figure (1) illustrates the temporal relationships among growth, NO -3 reduction, and N 2 O production for B37 and C48 in NB. Nitrate is essentially reduced completely to NO -2 (90% recovery for B37, 96% for C48) at which time growth, as indicated by optical density, ceases. Only at this time does significant N 2 O production occur. Figure(2) presents a surprising aspect of N 2 O production by these organisms . Nitrous oxide production occurs at a more or less linear rate for up to 35 days, long after growth steps (EL-Sayed, 2003 (a&b) ). Most of the CO 2 in the headspace of these tubes accumulated within 24 hours, and no significant increases were observed after 8 days. The results suggest that N 2 O production is not directly associated with growth of the organism ( Fathi ,2014) .
These results indicate that N 2 O production by these organisms is a biological and not a chemical process. In one experiment, Hg Cl 2 was added to early stationary phase cultures which had accumulated NO -2 and were producing N 2 O. This abolished N 2 O production; distilled H 2 O did not. Further evidence of enzymatic involvement ; in N 2 O production was provided by resting cell suspensions prepared from washed, early stationary phase cells (Table 8 ). Boiling cells for 5 min abolished activity. These experiments also show that O 2 is an effective inhibitor of NO -2 reduction to N 2 O. Furthermore, it was observed that glucose caused a several-fold increase in N 2 O production. Boiled and live C48 cells from a 28-day-old culture were also assayed with results consistent with those in Table (8) .
An additional resting cell experiment was performed to determine the effect of growth conditions on N 2 O producing activity from NO The results presented in Fig (3) showed that these organisms produce immediately N 2 O when added to anaerobic autoclaved soils. Two denitrifying pseudomonads (isolates 59 and 224) were included in this experiment for purposes of comparison. The denitrifiers initially produced N 2 O at a greater rate than the fermentative NO -2 reducers, but N 2 O did not accumulate in the soils with denitrifiers due to reduction to N 2 . After 10 hours of incubation, C48 and B37 had accumulated significantly more N 2 O than the denitrifiers (EL-Sayed , 1999 and 2016) . 
CONCLUSIONS

